Irradiance from phototherapy decreases with time due to the natural decay of the fluorescent bulbs.
Phototherapy and the use of heat shields in very low birthweight infants P R STUTCHFIELD, N MODI, AND A M WEINDLING Regional Neonatal Unit, Liverpool Maternity Hospital, Liverpool SUMMARY The irradiance produced by phototherapy units in use on a neonatal unit was measured. The phototherapy tubes were found to decline at a variable rate. Heat shields used to decrease heat and evaporative losses in the very low birthweight infant reduce irradiance and may appreciably limit the effectiveness of phototherapy.
Phototherapy is an accepted treatment for neonatal hyperbilirubinaemia and reduces the need for exchange transfusions. A dose response relationship has been established with a peak response observed to blue light with a spectral range 420-470 nm. A saturation point exists (between 1 and 3 mW/cm2) beyond which further increases in irradiance do not produce further increases in the rate of fall of serum bilirubin.2 3A minimum irradiance of 1 mW/cm2 in the 420/480 nm range has been recommended to produce an optimum effect.3
Irradiance from phototherapy decreases with time due to the natural decay of the fluorescent bulbs. There is a sharp drop during the first 72 hours of use. In 200 hours, 20% or more of the irradiance in the blue wavelength may be lost. Recommendations for bulb replacement vary from 200 to 2000 hours. 4 Transparent thermal blankets, plastic hoods, and perspex heat shields are widely used to reduce heat and evaporative losses in the very low birthweight infant (<1000 g).5 6 The extent to which these coverings reduce the irradiance reaching these infants has not been reported.
This study was established to assess the output of phototherapy units currently in use on a regional neonatal intensive care unit and to determine the effect on irradiance of measures to reduce evaporative and heat losses.
Methods
Seven Vickers Medical phototherapy units were in use at the time of the study. Each was fitted with four 40 watt Vickers Medical blue 600 mm tubes. These had been changed six months before the start of the study. Digital clocks had been fitted to each unit allowing the hours of use to be calculated. The number of phototherapy hours of each phototherapy unit since the last change of bulbs was recorded.
Each unit was set up over an incubator (Vickers Medical Model 79). The distance between the phototherapy tubes and the mattress was measured. The irradiance produced by each unit was recorded on three occasions using an irradiance meter (MaCam R450). The optical detector of the irradiance meter was a solid state photodiode with optical filters with a spectral response matching the bilirubin phototherapy action spectrum between 430-475 nm. The detector head had been modified with a cosine corrected diffuser giving a 1800 field of view. The sensor had a peak sensitivity at 450 nm and half maximum sensitivities at 429 and 475 nm. The range of measurements was from 0 to 1-2 mW/cm2. The top of the optical detector was 4 cm above the base of the irradiance meter at a similar height above the mattress as the body surface of the preterm infant. Calibration was checked by a standard that had been calibrated to the specifications of the United States National Bureau of Standards.
The irradiance meter was placed on the mattress in the incubator and its position adjusted to give an optimum recording. After recording the peak irradiance produced by each phototherapy unit the bulbs were renewed and the irradiance compared.
A thin plastic sheet, a plastic bubble blanket (thermal blanket) designed for industrial packing, and a clear perspex plastic headbox (26 cm X 26 cmx 15 cm) all used as heat shields, were compared by placing each over the top of the optical detector of the radiometer and measuring the irradiance reaching an infant.
Results
The irradiance produced by each phototherapy unit was found to increase to a peak value 60-90 seconds after starting phototherapy. A progressive reduction in irradiance was observed when the output of six phototherapy units was then recorded at 15 minute intervals for two hours. A steady state was reached at a mean time of 45 minutes (range 3(-90 minutes) after the start of phototherapy with no further reduction over a 24 hour period. The irradiance produced showed a mean (SD) reduction of 24% (0.5) from the initial peak recording. After allowing the phototherapy bulbs to cool after disconnection of the units, the irradiance increased to the previous peak levels.
The number of phototherapy hours recorded on each unit varied from 1382 to 2499 hours. There was no correlation with peak irradiance produced (r=-0*56 p>005). The peak irradiance recorded varied from 0-24 to 0 53 mW/cm2 (table 1). On renewing the phototherapy tubes, the irradiance increased from 0*5 to 3-7 times as shown. The distance from the phototherapy unit bulbs to the mattress was 42 to 43 cm for all units except 1 and 7. The stands of these two units were taller increasing the distance to 51 cm. The irradiance produced by these units reached 0-58 and 0-64 mW/cm2 only, after the change of tubes. When these units were lowered to 43 cm the irradiance increased by 50% and 60%, respectively.
The effect of the heat shields on the irradiance reaching an infant was measured in triplicate, two hours after starting phototherapy. The reduction in irradiance recorded with each covering, using each phototherapy unit, was expressed as a percentage of the steady state irradiance. The mean was calculated and the effect of the coverings compared (table 2) . The perspex heat shield and single layer plastic sheet had less effect than the thermal blanket in which an 11.4% reduction in irradiance was observed. When a perspex heat shield in addition to a double layer of plastic or bubble sheet was used, a 17% and 25% reduction in irradiance was recorded, respectively.
Discussion
A considerable variation in the irradiance produced by the phototherapy units was found. The peak irradiance recorded from two of these units, No 1 and 6, was minimal (0-24 and 0-28 mW/cm2, respectively). There was no correlation with the hours of use; this shows the variable rate of decay of the blue phototherapy tubes. These tubes emit substantially more energy across the 425-475 nm wavelengths than broad spectrum bulbs. However, they are known to decay faster. 
